DV Ursae Majoris is a deeply eclipsing dwarf nova which shows very powerful superhumps when it attains superoutburst. We report detailed observations of the 1997 and 1999 eruptions. Some of the results reproduce what has been learned from other eclipsing dwarf novae: that the disk becomes very large in outburst; that superhumps develop in a few days; that superhumps remain strong even after the disk has shrunk by >30%. The mean superhump period was 0.08870(8) d, but in both eruptions the period decreased with P ! ≈-6×10 -5
INTRODUCTION
DV Ursae Majoris was discovered by Usher et al. (1982) in a search for ultraviolet-excess objects, and then identified as an eclipsing cataclysmic variable by Howell et al. (1988) . The CV identification along with the brightness variations noted by suggested that the star is probably a dwarf nova. Deep eclipses during outburst were noted by Nogami (1995) and Vanmunster (1997) .
Extensive visual observation since 1995 has established that the star is a dwarf nova of the SU Ursae Majoris type. Because eclipses offer great diagnostic power in revealing the structure of the binary, we have placed high priority on time-series photometry of DV UMa. The 1995 outburst was known to be short ("normal"), while the 1997 and 1999 outbursts ("super", spaced by 2.7 years) were long. We obtained coverage of the two superoutbursts, as well as photometry at quiescence. We report the details here.
OBSERVATIONS
Most of the observations reported here consist of differential CCD photometry on the globally distributed telescopes of the Center for Backyard Astrophysics (CBA, Skillman & Patterson 1993 ). These telescopes range from 0.25 to 0.81 m in aperture, and the cameras typically use the Kodak KAF-0400 chip, operating unfiltered and therefore sensitive to 5000-9000 Å light. For a blue star like a cataclysmic variable, this gives an effective wavelength near 6300 Å. In our usual technique, we declare a "campaign" on a particular target star, and collect light curves which overlap sufficiently in time to permit calibration of the instrumental deltamagnitudes. That calibration is typically accurate to ~0.05 mag (0.02 mag on a given night, but small differences exist from night to night). Some data are also obtained through standard BVRI filters to put the light curves on an "absolute" V scale. That calibration is no better than 0.1 mag, or even as coarse as 0.25 mag if the star's colors change drastically (e.g., between outburst and quiescence).
Some additional outburst photometry was obtained with an unfiltered CCD on the KPNO 0.91 m telescope. The observations at quiescence were obtained with the MDM 1.3 m and 2.4 m telescopes, using UBVRI and Schott BG38 (giving a "broad blue" bandpass) filters. The log of observations during 1997-2000 is presented in Table 1 , comprising 231 hr over 55 nights.
ORBITAL EPHEMERIS AND QUIESCENT LIGHT CURVE
The star's deep eclipses make it easy to measure times of mid-eclipse, which we present in Table 2 . We made a linear fit to these, along with a few other timings previously published or extracted from published light curves, and found the following orbital ephemeris:
Minimum light = HJD 2,446,854.8336(3) + 0.08585265(1)E.
( 1 ) Figure 1 is an O-C diagram of the minima with respect to this ephemeris. There may be some systematics in the scatter about the best fit, arising from differences between quiescence and outburst, ways of defining minimum light, or even actual (small) period changes. But these subtleties are mostly lost in the noise of the data, and we adopt this as a satisfactory long-term ephemeris for minimum light. We shall find below that the centroid of the white-dwarf eclipse is slightly displaced from minimum light (by -58±15 s); this will result in an alternative (and superior, since the white dwarf mid-eclipse is an event of dynamical significance) ephemeris in §7.1. We used the latter for all phases quoted in this paper.
A long light curve in the quiescent state is shown in the upper left frame of Figure 2 , revealing the basic shape: a deep, slightly asymmetric eclipse superimposed on a very asymmetric double-humped variation. The lower frames of Figure 2 show the folded light curve in B, V, and I light. The I light curve is dominated by the double-humped variation, the signature of a tidally distorted secondary. The B light curve shows a sharp and very deep eclipse, indicating that the light is dominated by a small light source centered on the white dwarf. All light curves in quiescence show the prominent hot spot at orbital phase 0.81±0.02.
On several nights we increased the time resolution through eclipse, to try to resolve the eclipse structure. On one night, seeing and transparency stayed good through two consecutive orbits, and the upper right frame of Figure 2 shows the result of superposing those orbits. The eclipse structure was found to closely resemble that of other deeply eclipsing dwarf novae in quiescence, with the light dominated by the white dwarf and hot spot (e.g. see Figure 2 of Wood et al. 1989a ). The first rapid drop is centered at phase 0.9684 and takes 44±22 s; this is ingress of the white dwarf. The second drop occurs at phase 0.9920 and takes 135±50 s; this is ingress of the hot spot. Minimum light occurs at phase 0.0103. The first recovery occurs at phase 0.0315 and takes 28±12 s; this is egress of the white dwarf. The final rise occurs at phase 0.0711 and takes <35 s; this is egress of the hot spot. All these phases refer to mid-ingress andegress, and are based on a weighted average over all data. The duration of the white-dwarf eclipse is 467±8 s.
We can use these light curves (in particular, the well-separated I and B curves which are plainly dominated by different components, and the eclipse shape which marks the brightness and size of the components) to deconvolve the various light sources. We adopt 0.32 mag as the estimated true amplitude of tidal distortion at the relevant mass ratio (Bochkarev, Karitskaya, & Shakura 1979) . In B light, the apparent magnitudes are: white dwarf, B=19.9±0.2; red star, B>21.5; other light, B=19.3±0.1. In I light, these magnitudes are respectively >19.6, 18.0±0.1, and 19.3±0.2. These magnitudes are orbit-averaged, and are consistent with the fractional contribution of the secondary implied by the spectrum (Mukai et al. 1990 ).
These provide preliminary estimates of the distance to DV UMa. With the secondary's spectral type estimated as M4.5±0.5 (Mukai et al. 1990 ), the main-sequence M I -spectral type relation of Bessell (1998) yields M I =10.0-11.3 and hence a distance of 220-400 pc. The other useful distance constraint comes from the known correlation between P orb and M v at the peak of a normal eruption (Vogt 1981 , Warner 1987 . DV UMa has an estimated V(max)=15.1±0.3, but at its likely inclination of i=84º the disk light is diminished by ~2.2 mag relative to the "standard inclination" of i =56º (Mayo et al. 1980 , Warner 1995 . Allowing an additional uncertainty of 0.7 mag for the inclination correction, we adopt a corrected V(max)=12.9±0.9. The empirical correlation predicts (M v )max=5.1±0.3 at P orb =2.06 hr, so we obtain a distance of 240-540 pc. Both estimates are consistent with 350±120 pc.
THE 1997 SUPEROUTBURST
DV UMa was reported at magnitude 14.0 by T. Kinnunen and T. Vanmunster (vsnetalert 828, 830) on 1997 April 8.9, certifiably the first night of eruption (upper limits were obtained by Vanmunster and G. Poyner the previous night). We began time-series photometry the next night, and amassed 130 hours of coverage over 18 nights in the 20-night eruption. Orbit-averaged magnitudes are recorded in Table 1 , and shown in the eruption light curve of Figure 3 .
Selected long light curves are shown in Figure 4 . Deep eclipses are seen throughout, plus a smooth wave which migrates in orbital phase, surely the "superhump" which distinguishes all SU UMa stars in superoutburst (reviewed in Chapter 3.6 of Warner 1995).
After removing the eclipses we calculated the amplitude spectrum of the seven-night light curve (truncated JD 549-555) from the discrete Fourier transform. The result is shown in the lower frame of Figure 
during this interval, with the mean waveform shown in the inset. The amplitude spectrum proved to be quite interesting. Because the light curves span a very wide range of terrestrial longitude, there was no difficulty with daily aliasing, so it was easy to identify the correct frequencies and then "clean" the unwanted aliasing pattern of the strongest signals from the amplitude spectrum. Six significant detections were found, labelled in Figure 5 with their frequencies in c/day.
Superhump maxima were quite well defined, so we timed them carefully and used the data (collected in Table 3 ) to look for period changes over the full time span via the O-C diagram in the lower left frame of Figure 6 . The result is somewhat confusing, because the first night (and to some extent the second) is very discrepant. All other timings are satisfactorily fit with an ephemeris shown by the curve in Figure 6 :
The quadratic term corresponds to P ! =-5.6(±1.4)×10
-5
, a typical value for dwarf novae.
We could not plausibly account for the first night's timings by any simple adjustment to cycle count. A power spectrum of the first two nights only explains why, and is shown in the upper frame of Figure 6 . The two signals detected are consistent with the fundamental and first harmonic of the orbital frequency, not that of the superhump. This is also suggested by the severe downward slope in the O-C during E=0-13. A fold of the first night's data alone on P orb yielded the mean light curve shown in the lower right frame of Figure 6 . Humps occur at phase 0.5 and (probably) 1.0, with the usual deep eclipse superimposed.
THE 1999 SUPEROURBURST
DV UMa was discovered again in superoutburst on 1999 December 8.20 by T. Kinnunen (vsnet-obs 25179), and we conducted another campaign during December 10-20. The light curves obtained were similar to those of Figure 4 , but our coverage, detailed in Table 1 , was more sparse. Aliasing difficulties (not 24-hour aliases, but more subtle ones) made the process of "cleaning" the power spectrum complicated and non-unique, so we present only the raw power spectrum in the lower frame of Figure 7 , along with the mean waveform. The mean frequency was 11.29±0.01 c/day (P=0.0886 d), with a weak first harmonic.
The upper frame of Figure 7 presents other data on the 1999 eruption. At left is the V light curve, based on the data in Table 1 
indicating period decrease at a rate P ! =-9(±4)×10
. This period decrease is consistent with the (probably) better-determined value found in the 1997 eruption ( Figure 6 ).
SUPERHUMPS

The Common Superhumps
Roughly speaking, the superhumps of DV UMa follow all the usual rules for this phenomenon: they develop within 2-3 days of eruption onset; they show a period excess of 3.3% over P orb ; they show a slow period decrease with P ! ≈-6×10 -5
. They are basically textbook common superhumps. But some of the details described above call for more discussion.
(Quasi-)Harmonics
The frequencies marked in Figure 5 deserve close inspection. Very roughly, these are the "harmonics" of the main signal. But several do not occur at strict multiples of the fundamental frequency, and hence are not exactly harmonics. More exactly, let us label the orbital frequency as ω and the main superhump as ω-Ω, where Ω is the frequency of precession; this is the "apsidal precession" theory (Whitehurst 1988) which has now become the standard theory of common superhumps. In this case, ω=11.648 and Ω=0.39 c/day. The six labelled signals in Figure 5 are then ω-Ω, 2(ω-Ω), 2ω, 3ω-2Ω, 3ω-Ω, and 4(ω-Ω). The simple integer multiples of ω-Ω are not surprising; they presumably signify only a nonsinusoidal superhump waveform. The signal at 2ω is also not surprising, since we identify a stronger orbital signal in the first 1-3 days of eruption. The detection of 3ω-2Ω and 3ω-Ω is surprising, however; such features are quite rarely seen (IY UMa is the only published example) in the light curves of dwarf novae.
But they have been clearly seen in superhumping novalike variables, especially in AM CVn where at least ten signals of this type have been detected (Provencal et al. 1995 , Skillman et al. 1999 . In AM CVn a simple rule relates the many frequencies: they are of the form nω-mΩ, where n is any integer and m=1, 2, ..., n. DV UMa conforms to this. It is a plausible speculation that more sensitive searches in dwarf novae may yield similar results (the searches in AM CVn are 5-10 times more sensitive than any search in a dwarf nova).
The Outburst Orbital Hump
The orbital modulation at the start of the 1997 eruption is certainly an interesting feature. A 0.25 mag modulation at V=14.1 represents a factor of 30 enhancement over the orbital flux modulation in quiescence. These are quite unusual features in dwarf novae. At the suggestion of an anonymous referee a few years ago, we call them "outburst orbital humps" (to distinguish from superhumps, where P≠P orb ). There appear to be only three documented detections published so far: in WZ Sge (Patterson et al. 1981) , AL Com (Patterson et al. 1996 , Nogami et al. 1997 , and EG Cnc (Patterson et al. 1998) . Another good candidate is HV Vir (Leibowitz et al. 1994) . The origin of such signals remains unknown. Interestingly, all are stars of very long recurrence time, which represent only ~15% of dwarf novae with well-studied superhumps. Such statistics hint that superoutbursts in these "WZ Sge stars" may have a somewhat different origin. In particular, these signals could arise from a hot spot transiently enhanced by a burst of mass transfer from the secondary. The reasons for favoring this, discussed in the above-mentioned papers, might be worth another peek.
ECLIPSE ANALYSIS
Quiescence
Our best light curves in quiescence were of sufficient quality to permit deconvolution of the eclipsed light into its major components (white dwarf, hot spot, and disk proper). And they permitted timings of eclipse phases, which furnished constraints on binary parameters. Eclipse measurements of sufficient quality are given in Table 4 , where we have adopted the terminology t wdi = white dwarf mid-ingress t hsi = hot-spot mid-ingress t min = minimum light t wde = white dwarf mid-egress t hse = hot-spot mid-egress Most of the measurements were straightforward, except for the durations of white-dwarf ingress and egress. The star is too faint to permit accurate measurement of this brief interval, and most of the eclipses gave only upper limits. A few runs gave marginally significant measurements (rather than limits) for egress; and from the totality of data we estimate that the duration is 30±8 s.
The times of white-dwarf mid-ingress and mid-egress are stable, as is their difference (467±8 s). The average of these times defines mid-eclipse (superior conjunction of the white dwarf), which follows the ephemeris White dwarf mid-eclipse = HJD 2,451,216.92041(6) + 0.08585265(1) E.
We actually used this phase convention for the subsequent eclipse analysis, since mid-eclipse is the event of dynamical significance.
It is possible to constrain q accurately by using the timings of white-dwarf and hot-spot eclipses. We used the method of Wood et al. 1989a (see also Smak 1971 , Smak 1979 , Cook & Warner 1984 , Ritter & Schroeder 1979 and found the result shown in Figure 8 . We used the average binary phases from the 1999 and 2000 data separately. The former was obtained long after outburst, and might thus be considered more reliable (issues of disk ellipticity are worrisome for data obtained very close to superoutburst). On the other hand, the 2000 data were of substantially better quality. Perhaps it is best to accord equal weight and consider the disagreement in q to be a measure of the uncertainty. We estimate q=0.155±0.015. Figure 9 combines this constraint with two other available constraints: the q(i) relation from the eclipse duration, and the ingress/egress duration. For the latter we used the Nauenberg (1972) mass-radius relation for the white dwarf. The hard limit at i=90º is also shown.
Finally, there is some information directly available about the secondary, independent of the white dwarf. The observed spectral type of M4.5±0.5 (Mukai et al. 1990 ) implies an effective temperature T eff =3040±120 deg, which implies M 2 =0.13-0.18 M ! from models of main-sequence stars of solar metallicity (Chabrier & Baraffe 1995), or M 2 =0.12-0.17 M ! from observations of the same (Henry et al. 1999 ). Thus the main-sequence assumption requires M 2 =0.12-0.18 M ! . This is unlikely to be far wrong, since we earlier found approximate agreement between distances inferred from the main-sequence assumption and from the empirical P orb -M v (max) relation for dwarf novae.
Points in the black region of Figure 9 satisfy all constraints. In summary, our eclipse analysis favors i=84.0±0.8º, q=0.155±0.015, M 1 =0.90±0.13 M ! , and M 2 =0.15±0.02 M ! .
Outburst
During superoutburst, the eclipse is broad and smooth, and we measured primarily two quantities: total eclipse width (first to last contact) and time of minimum light. The latter is given in Table 2 . The eclipse widths were particularly well-sampled in the 1997 eruption, and we present these data in the lower frame of Figure 10 (along with a representative error for the measurements of total widths, subject to the caveat described below). Figure 10 shows that eclipses at the peak of eruption were nearly twice as long as they were at quiescence.
The reason for this is certainly that the disk is much larger at the peak of eruption, as has been found for several other stars (O'Donoghue 1986 , Zola 1989 , Smak 1984 , Wood et al. 1989b ) -and as expected for dwarf novae in general. For the binary parameters favored above, solution of Kepler's Third Law gives a simple approximation for disk radius as a function of eclipse width W:
which yields the disk radii shown by the inset scale in Figure 10 .
So the prima facie conclusion is that the radius contracted by at least 30%. The actual values of R d /a are interesting too. The critical radius for sustenance of superhumps is 0.46a, where the disk's 3:1 orbital resonance occurs. The disk appears to contract within this radius by JD 553±1 d. But the observed evolution of superhump amplitude is shown in the upper frame, and shows no sharp dependence on the shrinkage of the disk.
Since the "disk radius" is here considered from photometric evidence only, it is in principle possible that the eclipse of light emitted at large radius is simply too difficult to spot amid the noise of flickering. This must be true in quiescence, because it is then sometimes difficult to see any decline in light until the white dwarf itself is eclipsed; the trailing lune of the disk must exist, but is invisible. After JD 560, it's a significant worry, since the disk is then quite faint; those late measurements should be accorded much lower weight. But the disk dominates the light until JD 560, so it appears that the simplest interpretation of Figure 10 is correct: superhumps endured for >5 days after the resonant condition was no longer satisfied.
Probably the reason for this is that the superhump does not come from a strictly local heating of the outer disk slavishly tied to alignments of the secondary with the disk's apses. It is more properly a global oscillation of the disk (at least a large portion of it) originally excited by a resonant condition near the outer edge. This important point is stressed and illustrated by Simpson & Wood (1998) . Empirical evidence suggests that superhumps outlast the resonant conditions for at least a few dozen binary orbits.
SUMMARY
1. We present photometry of the 1997 and 1999 superoutbursts, which show common superhumps with P=0.08870(8) d, slowly changing with P ! ≈-6×10
. The superhump harmonics showed complex sidebands, consistent with the description "nω-mΩ" (detections at 3ω-Ω and 3ω-2Ω, as well as simple harmonics).
2. The first two photometry nights (excluding the very first night of eruption, when no photometry was obtained) of the 1997 eruption showed powerful waves at the orbital frequency and its first harmonic. The origin of such "outburst orbital humps" is still unknown, and a matter of importance since it may be intimately involved with the cause of the superoutburst. It is possible that they arise from a brilliant hot spot, intensified by a burst of mass transfer from the secondary.
3. Multicolor photometry in quiescence resolves the photometric contributions of the various components in the binary. As usual in eclipsing dwarf novae of short P orb , the blue light is dominated by the white dwarf and the hot spot at disk's edge. In I light the tidally deformed secondary is dominant. Two distance estimators converge on 350±120 pc.
4. High-speed photometry in eclipse reveals the sizes and locations of the white dwarf and the hot spot, and a q(i) relation. These supply constraints on the component masses. The black region in Figure 9 satisfies these constraints, with i=84.0±0.8º, q=0.155±0.015, M 1 =0.90±0.13 M ! , and M 2 =0.15±0.02 M ! .
5. Measurement of eclipse widths yields the radius of the accretion disk, and the radius became much larger (~0.5a) in superoutburst. It appeared to contract quickly to <0.33a, well within the 3:1 orbital resonance, even though the superhumps endured for another ~100 binary orbits.
Thanks to all the skilled visual observers, especially Timo Kinnunen, for their great vigilance which enables us to identify these stars and the outbursts we love to study. Thanks also to the Research Corporation (grant GG-0084) and the National Science Foundation (grant AST96-18545) for their generous support of CBA science. Support was provided in part by NASA through Hubble Fellowship grant HF-01109 awarded by the Space Telescope Science Institute, which is operated by the Association of Universities for Research in Astronomy, Inc., for NASA under contract NAS 526555. FIGURE 5. -Cleaned amplitude spectrum of the JD 549-555 light curve, with the inset showing the mean superhump shape. Significant peaks are marked with their frequencies (±0.01) in c/day. In superhump parlance, the marked peaks correspond in ascending frequency order to: ω-Ω, 2ω-2Ω, 2ω, 3ω-2Ω, 3ω-Ω, and 4ω-4Ω, where ω and Ω are the orbital and "precession" frequencies. (Actually, the 2ω peak is probably present only during JD 548-9, as discussed in the text.) FIGURE 6. -Lower left frame, O-C diagram of the superhump timings with respect to a test period of 0.0887 d. Most of the timings satisfactorily fit a simple parabolic ephemeris (Eq. 3), but the first night's data is highly discrepant and much better fit with the orbital period. Upper frame, power spectrum of the light curve during JD 548-9 only, with significant signals marked with their frequency in c/day (±0.13). These are consistent with multiples of the orbital, not the superhump, frequency. Lower right frame, mean light curve of JD 548 folded on P orb , showing a double-humped orbital variation cut off by eclipse. relation, and bounds on q are taken from the hot-spot eclipses studied in Figure 8 . The hard limit at i=90º is also shown. The sides of the allowed region are set by the white dwarf eclipse duration, estimated as 30±10 s. We slightly narrow this allowed (black) region with a constraint on the red star, discussed in the text. FIGURE 10. -Lower frame, the variation of the full eclipse width W with time in the 1997 eruption. The inset scale shows corresponding values of R d /a, but these estimates are much less reliable after JD 559, when the disk no longer dominated the light. Upper frame, the variation of superhump amplitude with time. Superhumps endure long after the disk shrinks within its 3:1 orbital resonance (which occurs at R d /a=0.46). Representative error bars are shown in both frames.
